Abstract
. In short, the literature is full of 47 conflicting evidence on the subject, suggesting a need for novel lines of evidence. 48 This paper is aimed at that need, contributing to the debate over human perception of 49 affective facial expressions and to the application of such research in robot design through two 50 experimental studies in which participants interacted with a previously validated minimalist face 51 robot (MiRAE). MiRAE was designed with the aim of utilizing the minimal facial cues necessary 52 to convey facial expressions in ways humans can perceive/understand (Bennett & Šabanović, 2013 ; 53 Bennett & Šabanović, 2014) . The first study investigated the effect of cultural differences in 54 perceptions of robotic facial expressions, using three human-subject groups: Japanese (living in Similarly, Shore (1996) Westerners more on the mouth) (Yuki et al., 2007) . Several papers in the last few years have 97 studied visual fixation patterns as the basis for these putative cultural differences in facial Other recent empirical work has provided evidence for significant, culturally-variable 108 effects due to context on facial expression recognition, using both digital avatars and human faces 
118
To summarize, the debate over the universality of human emotions and facial expressions, 119 as well as their mechanisms of display/interpretation, is complex and rife with conflicting evidence.
120
As noted in Section 1.1, our research contributes to the production of new modes of evidence, via 121 human-robot interaction, for systematically approaching this debate. The studies reported here explored the effect of cultural background and environmental 165 context on people's perceptions of affective expressions of a robotic face. We used the same robot 166 in studies performed face-to-face with participants in the USA and in Japan, so that all subjects 167 were able to directly interact with the robotic face, rather than only watch pre-captured images or 168 videos of the robot in action, which is known to have drawbacks (Krumhuber et al., 2013 Japan from a university in Yokohama. The East Asians were a mixture of Japanese, South Korean, 185 and Chinese college students, who had lived in the United States on average for 10 months (and 186 generally no longer than one year) and had passed an English proficiency entrance exam (TOEFL).
187
The Westerners were all American-born college students, primarily Caucasian. The age range The minimalist approach for the robotic face used here is grounded in over a half-century prior to the interaction, the Godspeed after the interaction. Note that no significant differences in 311 the overall NARS were found, so it will not be discussed further in this paper. For brevity, the 312 Godspeed will only be discussed for Experiment 1a here. , robot-2 nd ) was randomized. The digital avatar was only used in this experiment (#1a).
350
The experiment was exactly identical to the previous study, except for the use of Japanese subjects 351 rather than Westerners. 
Experiment 1a -Results

373
Results, for both the embodied robotic face and the digital avatar, are shown in Table 2 with Westerners having higher average ratings (7.7 vs. 6.4).
393
Godspeed ratings were also evaluated between the two groups for the embodied robotic 394 face. These can be seen in Table 3 . Several categories were significantly different between 395 Japanese and Westerners, with anthropomorphism and animacy being rated higher by the Japanese 396 and perceived safety being rated higher by Westerners. It is not clear exactly why this is the case. The pattern was identical for the digital avatar (data not shown). 
Experiment 1b -Methods
407
Experiment #1b evaluated two cultural variants of the baseline robotic facial expressions
-an "East Asian" variant and a "Western" variant" -based on the "Emoticon hypothesis" and
previous research findings that posits that East Asians focus more on the eyes and Westerners
Experiment 1b -Analysis
432
For Experiment #1b, we used a two-way, fixed-effects, between-subjects ANOVA to test 433 for differences between the three cultural groups and the two cultural variants of facial expression. Post-hoc Bonferroni t-tests were used to determine the source of any differences. 
Experiment 1b -Results
437
Overall results for Experiment #1b are shown in Table 4 To summarize the first experiment (#1a and #1b), Westerners were better at identifying were taken from a previous psychological study (Gross & Levenson, 1995) , which validated the 491 clips' consistent ability to elicit certain emotional responses that tie to the Ekman emotions (Happy, 492 Sad, Anger, etc.). The same video clips were obtained in digital format and cut to length using the 493 FRAPS software (version 3.5, http://www.fraps.com/), for the same five affective expressions as in 494 Experiments #1a and #1b. The clips used were generally a couple minutes long, from the following 495 (see Table 1 in [Gross & Levenson, 1995] In terms of the experimental setup, the robot was placed so as to create a triadic interaction 508 between robot, computer screen, and human subject (i.e. roughly a triangular type arrangement).
509
Every subject was explicitly instructed prior to the experiment that the robot would "watch the 510 video with them, and react to the video at some point, and that they should mark down the robot's 511 reaction." A written briefing script was used by investigators to facilitate consistency. 
Experiment 2 -Analysis
514
For Experiment #2, we used the same ANOVA approach as in Experiment #1b (Section 515 3.2.2). This included a two-way, fixed-effects, between-subjects ANOVA to evaluate differences 516 between the two cultural groups used (Westerners and East Asians living in the U.S.) and the two 517 context exposure conditions (context-exposed vs. non-context-exposed). Post-hoc Bonferroni t-518 tests were used to determine the source of any differences. 519 520
Experiment 2 -Results
521
The main results for Experiment #2 are shown in Table 7 . The results show a significant 522 increase in facial expression identification when context is supplied. This was primarily due to 523 Fear identification, which increased from 43.3% to 100% in Westerners and from 0% to 80% in 524 East Asians, as most of the other expressions were already in the 90-100% accuracy range without 525 context. Of note, there was also a notable drop in identification of Happy in East Asians, which we 526 discuss below. The results from Table 7 are summarized in Table 8 . angle, this can be seen as a social-interaction-based form of cognitive scaffolding, in the vein of 687 Gibson and visual scaffolding (Gibson, 1979) . This also concurs with other recent suggestions of Individual-specific models could potentially be learned via machine learning methods, allowing the 702 robot to adapt to individual people. Such an approach may be an alternative and/or potentially 703
